The compound BaMn2As2 with the tetragonal ThCr2Si2 structure is a local-moment antiferromagnetic insulator with a Néel temperature TN = 625 K and a large ordered moment µ = 3.9 µB/Mn. We demonstrate that this compound can be driven metallic by partial substitution of Ba by K, while retaining the same crystal and antiferromagnetic structures together with nearly the same high TN and large µ. Ba1−xKxMn2As2 is thus the first metallic ThCr2Si2-type M As-based system containing local 3d transition metal M magnetic moments, with consequences for the ongoing debate about the local moment versus itinerant pictures of the FeAs-based superconductors and parent compounds. The Ba1−xKxMn2As2 class of compounds also forms a bridge between the layered iron pnictides and cuprates and may be useful to test theories of high Tc superconductivity.
Superconducting transition temperatures T c > 50 K have been observed for only two classes of materialslayered cuprates and iron arsenides [1, 2] . Both classes contain stacked square lattice layers of the transition metal atoms. However, the parent compounds of the two families exhibit divergent physical properties. For example, La 2 CuO 4 is a local magnetic moment antiferromagnetic (AF) insulator [1] while BaFe 2 As 2 is metallic and its AF ordering is widely considered to be best characterized as a spin-density wave arising from conduction carriers [2] . These differences create barriers for a general and comprehensive understanding of the underlying mechanisms of high-T c superconductivity and related phenomena in a broad spectrum of materials. Thus, it is desirable to create a material that can bridge the gap between the cuprates and iron arsenides. Herein we report the synthesis and properties of such a material, Ba 1−x K x Mn 2 As 2 (x = 0.016, 0.05), which shares properties with both classes.
The undoped parent compound BaMn 2 As 2 crystallizes in the same body-centered-tetragonal (bct) ThCr 2 Si 2 -type structure as the M Fe 2 As 2 (M = Ca, Sr, Ba) iron arsenide parent compounds do at room temperature [2] [3] [4] . It is a semiconductor with an activation energy of ∼ 30 meV determined from electrical resistivity ρ(T ) measurements [4, 5] , consistent with electronic structure calculations that indicate a band gap of ∼ 100-150 meV [5] . Heat capacity C p measurements at low-T yield an electronic linear heat capacity coefficient γ = 0 which is consistent with an insulating ground state [4] . BaMn 2 As 2 orders into a G-type (Néel-or checkerboard-type) AF structure below a Néel temperature T N = 625(1) K with an ordered moment at 10 K of µ = 3.88(4) µ B /Mn aligned along the crystallographic c axis [2, 4, 6] . Since BaMn 2 As 2 is an insulator at low temperatures, these results demonstrate that the antiferromagnetism arises from ordering of local Mn magnetic moments instead of from itinerant current carriers. Both the static and dynamic magnetic properties for T = 4-1000 K are welldescribed by the AF J 1 -J 2 -J c local moment Heisenberg model, with a Mn spin S = 5/2 as expected from the 3d 5 electronic configuration of Mn +2 [7] . We previously reported that many transition metals do not substitute for Mn in BaMn 2 As 2 crystals at levels above 0.5% [8] . Exceptions are Cr or Fe that substitute at levels of 4.4% and < ∼ 10%, respectively. However, these two doped compounds show electronic transport and magnetic behaviors very similar to those of the undoped AF insulator BaMn 2 As 2 [8] . We now report the successful doping of K for Ba to form the new system Ba 1−x K x Mn 2 As 2 . Our ρ(T ), C p (T ) and angleresolved photoemission spectroscopy (ARPES) measurements demonstrate that the ground states of a single crystalline sample with x = 0.016 and a polycrystalline sample with x = 0.05 are metallic. Spin-polarized electronic structure calculations confirm that undoped BaMn 2 As 2 is a band insulator (semiconductor) whereas a hole band crosses the Fermi energy E F centered at the Γ point for x = 0.016 and 0.05. On the other hand, our magnetic susceptibility χ and neutron diffraction (ND) measurements for x = 0.016 and 0.05 show the same local moment AF ordering behavior as in undoped BaMn 2 As 2 . The ND measurements for x = 0.05 exhibit a small reduction of T N to 607(2) K from 625 K for x = 0 and a slight increase in µ to 4.21(6) µ B /Mn from 3.88(4) µ B /Mn. The fact that T N and µ of the K-doped sample are nearly identical to those of the undoped AF insulator BaMn 2 As 2 demonstrates that the magnetic ordering in the K-doped sample also arises from local moments. Our results thus establish Ba 1−x K x Mn 2 As 2 in our doping range as a holedoped AF local-moment metal. This new system and obvious extensions open many interesting avenues for investigating both theoretically and experimentally the interactions of itinerant carriers with local moments in MnAsbased compounds with the ThCr 2 Si 2 structure. Of particular interest is the potential for high-T c superconductivity [2, 4, 6] .
Polycrystalline samples with nominal compositions [8] . The chemical compositions of the crystals were determined by energy dispersive x-ray analysis, which yielded x = 0.016(6) for the K-doped crystals utilized here. No Sn from the flux was detected in the crystals. The electronic transport, thermal and magnetic properties were measured using Quantum Design, Inc., measurement systems. The ARPES data for crystals with x = 0 and 0.016 were acquired using a laboratorybased system consisting of a Scienta SES2002 electron analyzer, GammaData UV lamp and custom-designed refocusing optics. ND measurements on a polycrystalline sample with x = 0.05 were performed on the powder diffractometer at the University of Missouri Research Reactor using neutrons of wavelength λ = 1.479Å. Analysis of the ND data was performed by the Rietveld method using FULLPROF [9] . The spin-polarized electronic structures for x = 0, 0.016 and 0.05 were calculated using a full-potential linear augmented plane wave method [10] with a local density approximation functional [11] . The experimental structural data at 10 K were taken from Ref. [6] . To determine the influence of K-doping, we employed the virtual crystal approximation. Electron correlation effects seem to be important in the metallic K-doped crystals as evidenced from our ρ(T ) and C p (T ) data. Figure 1 (a) shows ρ(T ) in the ab plane for a crystal with x = 0.016 and ρ(T ) for a polycrystalline sample with x = 0.05. The ρ(T ) data for both samples suggest metallic ground states. However, the magnitudes of ρ ≈ 5.8 and 2.2 mΩ cm at 2 K for x = 0.016 and 0.05, respectively, are rather large compared to most metallic conductors. The large magnitudes of ρ are evidently due to the low hole concentrations arising from the low K doping levels. The ρ(T ) data in Fig. 1(a) indicate that ρ decreases with increasing hole concentration x as one would expect. We fitted the ρ(T ) data for both samples by the expression ρ(T ) = ρ 0 + AT 2 . While the data for x = 0.05 are well-described over the entire T range of the measurement, the data for x = 0.016 deviate from the T 2 -dependence below 135 K and are therefore fitted above this T . The fitted values of A are A = 2.232(4) × 10 −4 and 1.6807(6) × 10 −4 mΩ cm/K 2 for x = 0.016 and 0.05, respectively. The T 2 behavior suggests that hole-hole scattering may be mainly responsible for the T dependence of ρ [12] . The low-T in-plane ρ(T ) behaviors of three crystals from the same batch with x ≈ 0.016 are shown in the inset in Fig. 1(a) , which reproducibly show a leveling off or a small increase in ρ below ≈ 70 K, followed by a decrease below ≈ 15 K. The origins of these two low-T behaviors require further investigation.
The C p (T ) data for the two samples in Fig. 1 are shown in Fig. 1(b) . The values of C p at T = 275 K are slightly larger than the classical Dulong-Petit lattice heat capacity value at constant volume C V = 15R ≈ 124.7 J/mol K. The low-T data in the inset in Fig. 1(b) were fitted by C p /T = γ + βT 2 , yielding γ = 1.8 (2) tively. These values are 2-4 orders of magnitude larger than the value R KW ∼ 0.010 mΩ cm mol 2 J −2 K 2 observed for a number of heavy fermion compounds [14] , but are much closer to the trend for the recently revised KW relation [15] . In either case, our combined ρ(T ) and C p (T ) data at low T suggest the presence of strong electron correlation effects in the Ba 1−x K x Mn 2 As 2 system. For the ARPES measurements, the chemical potential E F was determined from measurements on a Au reference sample. Since the parent compound is a band semiconductor [4, 5] , there are no electronic states near E F . Thus, to visualize the location of the top of the valence band at the Γ point (k x , k y ) = (0, 0), we plot in Figs. 2(a) and 2(b) the ARPES intensity map, at an energy 150 meV below E F , and the energy distribution curves (EDCs), respectively, at 200 K for x = 0. Figure 2(c) shows the intensity plot for x = 0.016 at E F and the EDCs are shown in Fig. 2 . Since the bottom of the electron band at the X point at (π,π) is above E F (see Fig. 3 below), we do not expect to observe intensity from a bulk electron pocket at this position. We return to this point below.
Bulk spin-polarized band structure calculations for the G-type AF structure are shown in Fig. 3 for x = 0, 0.016 and 0.05. The band gap for x = 0 is 54.8 meV. The bands do not change significantly with increasing x, but E F decreases with increasing x as shown in Fig. 3 , corresponding to rigid-band behavior. The hole pocket Fermi surface at the Γ point has a rounded square shape in the ab plane whose maximal dimension increases with increasing x as expected. The Fermi surface is closed and flattened along the c axis (not shown), in contrast to the corrugated cylindrical hole Fermi surfaces at Γ in the iron arsenides [2] . The calculations also show that the bulk electron bands at the X point in Ba 1−x K x Fe 2 As 2 at E F [16] are not present in Ba 1−x K x Mn 2 As 2 . This is expected since Ba 1−x K x Fe 2 As 2 is a semimetal [2] whereas Ba 1−x K x Mn 2 As 2 is a hole-doped band semiconductor. We have also carried out electronic structure calculations for the (001) surface states and have observed such states at (π, 0) and at X = (π, π) at E F for hole-doped compositions, consistent with the above ARPES measurements at these positions in k space [ Fig. 2(c) ]. Such surface states may also be present in the FeAs-based materials at the X-point but would be masked by the presence of the bulk electron pockets at the same position in k space.
The calculated values of the Fermi wave vector k F from the band structure calculations are 1.89 × 10 9 and 2.61 × 10 9 m −1 for x = 0.016 and 0.05, respectively. These values match quite well the values calculated from the doping concentrations n using the one-band result k F = (3π 2 n) 1/3 , where we get k F = 1.59 × 10 9 and 2.33 × 10 9 m −1 for the two compositions, respectively. The value of k F estimated from the ARPES measurements for the single crystal with x = 0.016 (Fig. 2) is 0.1π/a−0.2π/a or, equivalently, k F ≈ 0.8−1.5×10 9 m −1 , which agrees with the above-calculated value for this x. The calculated bare band structure densities of states N at E F are 0.315 and 0.819 states/(eV f.u.) for both spin directions for x = 0.016 and 0.05, respectively. These values are significantly smaller than estimated above from the specific heat γ values, suggesting the presence of many-body enhancement effects. The orbitaldecomposed N (E F ) consists of 66% Mn 3d and 28% As 4p for x = 0.016 and 60% Mn 3d and 30% As 4p for x = 0.05. These data suggest that the electronic conduction is mainly due to itinerant As 4p holes, because the effective mass of these holes is expected to be much less than the effective mass of holes with Mn 3d character.
The anisotropic magnetic susceptibilities χ ab and χ c versus T of a single crystal with x = 0.016 and the χ of a polycrystalline sample with x = 0.05 are shown in Fig. 4 . Data for an undoped BaMn 2 As 2 single crystal are shown for comparison [4] . The χ c (T ) for x = 0.016 is qualitatively similar to that of BaMn 2 As 2 . On the other hand, in contrast to the χ ab (T ) of BaMn 2 As 2 which remains nearly T independent below 300 K, χ ab (T ) for x = 0.016 increases with decreasing T down to the lowest measurement T . These observations indicate that although the underlying AF structure has not changed and most prob- ably is still a G-type or closely related structure, there are significant perturbations caused by K-doping. The dependence of the anisotropy versus T and its similarity to that of undoped BaMn 2 As 2 suggest that T N is significantly above 300 K. The χ(T ) for the polycrystalline sample with x = 0.05 monotonically increases with decreasing T below 300 K and exhibits a kink at 50 K of unknown origin. The magnitude of χ(T ) of this x = 0.05 sample is significantly larger than that of the powderaveraged single crystal χ(T ) data for either x = 0 or 0.016. This discrepancy again indicates that the emergence of metallic behavior upon K-doping leads to additional contributions and/or changes to the magnetism. The M (H) isotherms for this x = 0.05 sample showed no evidence for any ferromagnetic impurities at any temperature between 1.8 and 300 K.
From Rietveld refinement of our ND data for the polycrystalline sample with x = 0.05, the chemical unit cell is well-described at 14 K by the bct ThCr 2 Si 2 structure (space group I4/mmm) with lattice parameters a = b = 4.1566(6)Å, c = 13.4043(2)Å, and As position parameter z As = 0.3642(5). As was found for the BaMn 2 As 2 (x = 0) parent compound [6] , the K-doped system remains in the bct phase at all measured temperatures. The ND data for x = 0.05 at 14 K indicate a slight contraction of the c axis lattice parameter with respect to the parent system at 10 K [a = b = 4.1539(2)Å, c = 13.4149(8)Å] and a corresponding 0.8% increase in the As position parameter [z As = 0.3613(2)] [6] . The modeling of the magnetic scattering revealed a G-type AF spin structure below T N = 607(2) K (Fig. 5) . The ordered moment at T = 14 K is µ = 4.21(6) µ B /Mn aligned along the c axis. The G-type AF order found for x = 0.05 is identical to that previously determined for the parent BaMn 2 As 2 compound, which gave T N = 625(1) K and µ = 3.88(4) µ B /Mn at T = 10 K [6] . Our refined value of µ for x = 0.05 is slightly larger than that of the parent compound, which may suggest a reduction in the spin-dependent hybridization between the Mn 3d states and the As 4p states [5] .
In conclusion, we succeeded in doping the antiferromagnetic insulator BaMn 2 As 2 into a hole-doped metallic state by partial substitution of Ba by K to form the new system Ba 1−x K x Mn 2 As 2 . Both single-crystalline (x = 0.016) and polycrystalline (x = 0.05) samples were synthesized and studied. The ρ(T ), C p (T ) and ARPES data and our electronic structure calculations consistently indicate metallic character for these compositions. Our ND and χ measurements demonstrate that the local moment magnetism of undoped BaMn 2 As 2 is preserved in the metallic doped samples. Thus the Ba 1−x K x Mn 2 As 2 system is a bridge between the layered high-T c cuprates and iron arsenides. Our results on the metallic MnAs-based materials suggest many opportunities for theoretical and experimental investigations examining the relationships between the layered transition metal arsenide and cuprate classes of materials and offer the potential for new superconductors. The roles of the local Mn magnetic moments and their AF interactions in determining T c would be particularly interesting to study.
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